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NOMBNCZATURB 


A 

AB 

ACAV 

APA 

ALPHA 

B 

BETA 

BL 

CA 

CAB 

CACAV 

CAT 

CBAR 

CDS 

COTS 

CLL 

CLLS 

CLMT 

CLMTS 

CLM 

CLNS 

CLT8 

CL-A 


Aircraft  aarodynamic  coafficiants  ara  rafarancad  to 
a  body  axia  systan  of  coordlnataa  unlaas  othanriaa 
notad 

Rafaranca  araa,  (P-111  0.911  ft^i  rack-aountad  atoraa 
0.0123  ft^j  pylon-aountad  atoraa  0.0031  ft^) 

Noxsla  plug  baae  area,  0.0080  ft^  par  plug 

Cavity  area,  0.0158  aq.  ft. 

Plow  correction  angle  in  pitch,  deg. 

Model  angle  of  attack,  deg. 

Wing  apan,  31.5  in. 

Model  aidealip  angle,  deg. 

Model  butt  line,  in. 

Porebody  axial- force  coefficient,  CAT-CAB-CACAV 

Baae  axial-force  coefficient,  -AB(PB1  PB2  -  2P)/Q»A 

Cavity  axial- force  coefficient,  -ACAV(PCAV-P)/0»A 

Total  axial- force  coefficient,  total  axial  forca/0*A 

Wing  mean  aerodynamic  cord,  at  16  dag.  wing  awaap 
angle,  4.5208  in. 

Porebody  drag  coefficient  (atability  axia) 

Total  drag  coefficient  (atability  axia) 

Rolling-atoment  coefficient,  rolling  BKMBent/Q*A*  B 

Rolling-momant  coefficient  (atability  axia) 

Total  pitching-moawnt  coefficient,  pitching  aKwaant/ 
0*A>  CBAR 

Total  pitching-inoa»nt  coefficient  (atability  axis) 
Yawing-moment  coefficient,  yawing  aonmnt/Q*A*  B 
Yawing-moment  coefficient  (stability  axia) 

Total  lift  coefficient  (stability  axia) 

Slope  of  CLS  versus  alpha  curve,  per  deg. 


j! 
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NOMENCLATURE  -  Continued 

t 

CLLX 

Stor*  rolling  nooMnt  coefflclont,  rolling  noMnt/ 

(0*A*D),  X  -  pylon  nwuber 

^  1 

1  • 

CLNX 

Store  pitching  moMnt  coefficient,  pitching  momuit/ 

(Q*A*0),  X  ■  pylon  nunber 

cutx 

Store  yawing  nonent  coefficient,  yawing  eoMnt/ 

(0*A*DK  X  -  pylon  number 

at 

Normal- force  coefficient,  normal  foroe/Q*A 

E 

* 

CNX 

Store  normal  force  coefficient,  normal  foroe/(Q*A) , 

X  ■  pylon  number 

!  11 

COM  SET 

Constant  set  used  for  data  reduction 

1  Pf 

CONFIG  NO 

Model  configuration  identification  no. 

h 

i 

CY 

Side-force  coefficient,  side  force/Q*A 

1 1 

CYX 

Store  side  force  coefficient,  side  foroe/(Q*A) , 

X  ■  pylon  nuadwr 

'( 

CLN-A 

Slope  of  CLMT  versus  alpha  for  -2  <  ALPHA  <6,  per  deg. 

r 

CVS 

Side-force  coefficient  (stability  axis) 

•  1 

1 

D 

Store  reference  diameter,  1.500  in.  for  rack-mounted 
stores  and  0.750  in.  for  pylon  mounted  stores 

^  1 

DCLLS/DCY 

Slope  of  CLLS  versus  CY  for  -4  ?  BETA  ?  4,  per  deg. 

DCLM/DCL 

Slope  of  CLMTS  versus  cn,S  for  -2  7  ALPHA  ?  €,  per  deg. 

i  (' 

DCLNS/OCY 

Slope  of  CU»S  versus  CY  for  -4  <  BETA  “  4,  per  deg. 

i 

^  n 

PS 

Fuselage  station,  in. 

11 

4 

MACH 

Freestream  Mach  number 

(j 

1  n 

MS 

Model  station,  in. 

NCP 

Normal  force  center-of-pressure  location  in  reference 
lengths  from  the  model  moment  reference  point,  CLR/CM 

u 

P 

Free-stream  static  pressure,  psfa 

1 

1 

1 

’  MM— <— 

PART 

Run  (data  set)  identification  no. 

) 

3  . 
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NOMENCLATURE  -  Continued 


Left  and  right  nozsie  plug  base  pressure,  psfa 
Cavity  pressure,  psfa 
Model  roll  angle,  deg. 

Indicated  roll  angle,  deg. 

Data  point  number 

Total  pressure  measured  in  the  tunnel  stilling  chamber, 
psfa 

Left  and  right  nozzle  exit  total  pressure,  psfa 
Pree-stream  dynamic  pressure,  psfa 
Pree-stream  tinit  Reynolds  number,  per  foot 


PCAV 


FHII 


SPEED  BRAKE  Speed  brake  deflection  angle,  deg 
STABZLATOR  Stabilator  deflection  angle,  deg. 


Wing  s«raep  angle,  deg. 

Total  teiig>erature  measured  in  the  tunnel  stilling 
chaarit>er,  deg.  P. 


Model  water  line,  in 


Transfer  distance  along  the  pylon  axis  system  X-axis, 
measured  from  the  pylon  moment  reference  center,  in., 
positive  upstream 

Neutral  point,  -DCLMTS/DCLS,  positive  aft  of  soment 
reference  center 

Transfer  distance  along  the  pylon  axis  system  X-axis, 
swasured  from  the  pylon  mozisnt  reference  center,  in. , 
positive  upstream 

Transfer  distance  along  the  pylon  axis  system  Y-axis, 
sieasured  from  the  pylon  moment  reference,  in., 
positive  to  the  right,  looking  upstream 

Transfer  distance  along  the  pylon  axis  system  I-axis, 
measured  from  the  pylon  mozwnt  reference  center,  in., 
positive  downward 


NOMBNCLATURB  -  Conoludad 


Not«i  Th«  ston  sign  convention  used  for  serodynsaic  coefficients 

is  the  sane  as  used  for  the  aircraft  aerodynamic  coefficients 
i.e. «  as  vietred  by  the  pilot;  normal  force  coefficient, 
positive  up;  pitching-moment  coefficient,  positive  nose  up; 
axial  force  coefficient,  positive  aft;  side  force  coefficient 
positive  to  the  right;  yawing  aoissnt  coefficient,  positive 
nose  to  the  right;  and  rolling  moment  coefficient,  positive 
clockwise. 


1.0  INTRODUCTION 


The  work  reported  herein  was  conducted  at  the  Arnold 
Engineering  Development  Center  (AEDC) ,  Air  Force  Systems 
Contend  (AFSC) .  The  program  was  sponsored  by  the  Armament 
Development  and  Test  Center  (SD20S) ,  Eglin  Air  Force  Base, 
Florida,  under  Program  Element  6S807F.  The  user  agency  was 
the  Air  Force  Armament  Laboratory  (AFATL/DLJC) ,  Eglin  Air 
Force  Base,  Florida.  The  project  monitor  was  Capt.  Spence 
Peters  of  AFATL/DLJC.  The  test  results  were  obtained  by 
ARO,  Inc.,  AEDC  Division  (a  Sverdrup  Corporation  Company), 
operating  contractor  for  the  AEDC,  AFSC,  Arnold  Air  Force 
Station,  Tennessee.  The  test  was  conducted  in  the  Aerody¬ 
namic  Wind  Timnel  (4T)  of  the  Propulsion  Wind  Tunnel  Facility 
(PWT)  from  June  18  through  23,  1979,  under  ARO  Project 
No.  P41C-C4.  - - - - 

Aerodynamic  forces  and  moments  and  store  loads  data  were 
obtained  on  a  l/24-8cale  F-111  model.  The  data  are  to  be  used 
in  verifying  the  suitability  of  the  1/24-scale  aircraft  model 
and  associated  external  store  models  for  store  loads  testing 
in  Tunnel  4T.  Data  were  also  obtained  for  use  in  evaluating 
the  effects  of  a  Target  Acquisition  and  Weapons  Delivery 
System  (TAWDS)  pod  on  F-111  stability  and  control  characteris¬ 
tics.  Static  stability  and  store  loads  data  were  obtained 
for  10  configurations  over  the  Mach  number  range  frtmn  0.4  to  1.2 
at  angles  of  attack  from  -2  to  24  deg  and  angles  of  sideslip 
from  -10  to  10  deg.  The  wing  s%reep  angle  was  varied  from  26  to 
72.5  deg.  Some  configurations  %#ere  also  tested  with  the  stabila- 
tor  deflected  ilO  deg  and  with  the  speed  brake  opened  SO  deg. 

The  purpose  of  this  report  is  to  document  the  test,  describe 
the  test  parameters,  and  provide  information  to  permit  use  of 
the  data.  It  does  not  include  data  analysis,  which  is  beyond  the 
scope  of  this  report. 

The  data  from  this  test  have  been  transmitted  to  the  Air 
Force  Armament  Laboratory  (AFATL/DLJC) .  Requests  for  these 
data  should  be  addressed  to  Armament  Development  and  Test  Center 
(ADTC/SC20S) ,  Eglin  Air  Force  Base,  Florida  32542.  A  copy  of 
the  final  data  is  on  file  on  microfilm  at  AEDC. 


2 . 0  APPARATUS 
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2.1  TEST  FACILITY 

Th«  Aerodynamic  Wind  Tunnel  (4T)  is  a  closed- loop,  con¬ 
tinuous  flow,  variable-density  tunnel  in  which  the  Mach  number 
can  be  varied  from  0.1  to  1.3  and  can  be  set  at  discrete  Mach 
numbers  of  1.6  and  2.0  by  placing  nossle  inserts  over  the 
permanent  sonic  nozzle.  At  all  Mach  numbers,  the  stagnation 
pressure  can  be  varied  from  300  to  3,700  psfa.  The  test 
section  is  4- ft  square  emd  12. 5- ft  long  with  perforated,  vari¬ 
able  porosity  (0.5-  to  10-percent  open)  walls.  It  is  completely 
enclosed  in  a  plenum  chamber  from  which  the  air  can  be  evacuated, 
allowing  part  of  the  tunnel  airflow  to  be  removed  through  the 
perforated  walls  of  the  test  section.  The  model  support  system 
consists  of  a  sector  and  sting  attachment  which  has  a  pitch 
angle  capability  of  -8  to  28  deg  with  respect  to  the  tunnel 
centerline  and  a  roll  capability  of  -180  to  180  deg  about  the 
sting  centerline.  A  schematic  showing  the  location  of  the  F-111 
model  in  the  tunnel  is  shown  in  Fig.  1.  A  more  complete  descrip¬ 
tion  of  the  tunnel  may  be  found  in  the  Test  Facilities  Handbook.^ 
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2.2  TEST  ARTICLES 

The  test  articles  were  1/24-scale  models  of  the  F-111  aircraft, 
MK-20  Rockeye,  MX-82SE,  SUU-30H/B,  GDU-15PWW,  and  GBU-ISCNW  stores, 
a  retracted  Pave  Tack  pod  with  attached  ALQllS  pod,  a  data  link 
pod,  a  TAWDS  pod,  and  associated  suspension  equipment.  Details 
and  distensions  of  the  models  are  presented  in  Pigs.  2  through  4. 
Photographs  of  the  model  installed  in  the  tunnel  are  shown  in 
Fig.  5.  The  F-111  model  had  flow-through  ducts  and  was  equipped 
with  Type  II  inlets  (no  splitter  plates)  containing  fixed  10-deg 
inlet  spikes  and  nozzle  plugs.  The  aft  fuselage  and  exhaust 
nozzles  were  ntodified  to  allow  insertion  of  the  balance  and  sting. 
This  modification  resulted  in  a  slight  relocation  of  the  data  li^ 
pod  as  shown  in  Fig.  4h.  The  model  stabilator  could  be  set  to  -10, 
0,  and  10  deg  with  respect  to  an  aircraft  waterline. 

Pylons  with  five-component  balances  were  installed  at  the 
pivot  stations  (3  through  6)  for  all  testing  except  for  data 
obtained  for  the  clean  and  TAMDS  configurations.  BRD-3A/A  racks 
(Fig.  3c)  were  installed  with  various  loadings  of  MK-82SE, 

SUU-30H/B,  or  Rockeye  stores.  A  model  representing  the  exposed 
portion  of  the  retracted  Pave  Tack  pod  (Fig.  4f)  with  an  attached 
ALO-119  pod  (Fig.  4g)  was  attached  to  the  centerline  of  the  fuse¬ 
lage  at  FS  12.638  when  required.  The  store  loadings  for  all  con¬ 
figurations  tested  are  presented  in  Table  1. 


^Test  Facilities  Handbook  (Tenth  Edition).  "Propulsion 
Wind  Tunnel  Facility,  Vol.  4."  Arnold  Engineering  Development 
Center,  May  1974. 
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2.3  TEST  INSTRUMENTATION 

Test  instrumentation  included  a  six- component  siain  balance 
in  the  P-111  model  and  four  five-component  pylon  balances.  The 
pylon  balances  %rere  an  integral  part  of  the  pylons  (metric  pylons) 
and  measured  the  loads  transoiitted  to  the  pylons  by  the  store 
models.  Because  of  space  constraints #  axial-force  lin)cs  could 
not  be  incorporated  into  the  pylon  balances  and  hence,  the  axial 
loads  for  the  pylon  mounted  store  and  store-rack  models  were  not 
measured.  Five  pressure  transducers  connected  to  orifices  %rere 
used  to  measure  sting  cavity  pressure,  nozzle  plug  base  pressures, 
and  nozzle  exit  total  pressures. 

3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURE 

Measurements  of  aircraft  and  pylon-mounted  store  steady- 
state  forces  and  moments  were  obtained  at  Mach  numbers  from 
0.4  to  1.2.  The  nominal  test  conditions  set  during  the  test  are 
given  in  Table  2.  Tunnel  conditions  were  held  constant  while 
angle  of  attack  or  sideslip  angle  were  varied.  Data  were  re¬ 
corded  at  selected  angles  using  the  pitch  pause  technique.  Data 
were  obtained  at  emgles-of-attack  from  -2  to  24  deg  and  sideslip 
angles  from  -10  to  10  deg. 

3.2  DATA  REDUCTION  AND  CORRECTIONS 

The  force  and  moment  data  obtained  on  the  F-111  aircraft 
ziodel  were  reduced  to  coefficient  form  in  the  body  and  stability 
axes  systems.  Model  base  and  cavity  pressure  measurements  were 
made  for  the  F-111  model  and  used  to  calculate  base  and  forebody 
axial  force  and  drag  coefficients.  The  aircraft  reference  areas 
and  lengths  are  noted  in  the  Nomenclature  and  the  moment  reference 
point  location  is  shot#n  in  Fig.  2. 

The  store  loads  data  t#ere  reduced  to  coefficient  form  in 
the  pylon  axis  system.  The  pylon  longitudinal  axis  was  parallel 
to  the  lower  surface  of  the  pylons  and  passed  through  the  soment 
reference  point  shown  in  Fig.  3a.  The  reference  area  and  length 
used  to  reduce  the  store  loads  data  are  noted  in  the  Nomenclature. 
The  moment  reference  point  location  for  the  store  models  was 
located  at  the  pylon  mid-lug  point  on  the  pylon  balance  centerline 
(see  Fig.  3).  Since  there  «rere  no  axial-force  gages  on  the  pylon 
balances,  the  transferring  of  the  store  moments  from  the  balance 
centerline  to  any  other  point  in  the  pylon  axis  system  requires 
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an  estimated  axial-force  coefficient.  Using  an  estisiated  axial 
force  coefficient,  the  nonents  can  be  transferred  using  the 
following  equations: 


CUNX(TRN)SFERICD)  •  CUnc(TABUlAI!ED) 


arX(ThBUIAISI» 


where  X  represents  a  wing  pylon  balance  and  where  Xj^ 

and  are  transfer  parameters  defined  in  the  Nomenclature. 

CAX(EST)  is  the  estimated  axial-force  coefficient  for  the  store 
loading  (positive  down-stream) .  The  sign  convention  used  for 
the  store  aerodynamic  coefficients  is  the  same  as  that  used  for 
the  aircraft  aerodynamic  coefficients. 

The  aircraft  angles  of  attack  and  sideslip  angles  were 
corrected  for  sting  deflections  caused  by  aerodynamic  loads. 

The  flow  angularity  in  the  tunnel  pitch  plane  was  determined 
by  testing  the  model  upright  and  inverted.  Plow  angularities 
thus  determined  ranged  from  0.09  to  O.IS  deg  for  Mach  numbers 
from  0.4  to  1.2  and  were  applied  to  the  data.  Correct! ona  for 
the  components  of  model  weight,  normally  termed  static  tares, 
were  also  applied  to  the  data  for  both  the  aircraft  and  store 
models . 


3.3  UNCERTAINTY/PRECISION  OF  MEASUREMENTS 


The  estimated  data  uncertainties  associated  with  Tunnel  4T 
measured  tunnel  conditions  and  model  aerodynamic  coefficients 
are  given  in  Table  3.  Representative  store  and  store-rac)c 
coefficient  uncertainties  are  given  in  Tables  4  and  5,  respec¬ 
tively.  Balance  measurement  uncertainties  for  all  pylon  balances 
were  similar:  hence,  the  coefficient  uncertainties  shown  are 
typical  for  all  balances.  The  estimated  uncertainties  in  force 
and  moment  coefficients  are  based  on  a  95-percent  confidence 
level.  The  tolerance  for  setting  and  Mintaining  Mach  number 
during  pitch  or  yaw  polars  was  tO.005.  The  estimated  uncertainty 
in  aircraft  model  angle  of  attack  or  sideslip  angles  was  0.1  deg. 


4.0  DATA  PACXAOE  PRESENTATION 

Th«  final  data  packaga  included  tabulated  sunnary  data, 
data  recorded  on  magnetic  tape,  model  installation  photographs, 
and  model  configuration  identification  photographs.  A  susMary 
of  the  test  program  listing  part  numbers  for  each  test  condition 
is  presented  in  Table  €.  A  sample  of  the  summary  data  tabula¬ 
tions  is  given  in  Table  7.  All  parameters  appearing  on  the 
daca  tabulation  are  defined  in  the  Nomenclature  of  this  report. 
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